PPT WORLD INTELLECTUAL PROPERTY ORGANIZATION 

x ^ A International Bureau 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
F28D 9/00, F25B 39/00, F28F 3/04 



WO 96/20382 

4 July 1996(04.07.96) 



(21) International Application Number: PCT/GB95/02983 

(22) International Filing Date: 20 December 1995 (20.12.95) 



23 December 1 994 (23. 1 2.94) GB 



(71) Applicant (for all designated States except US): BRITISH 

TECHNOLOGY GROUP USA INC [US/US]; 2200 Renais- 
sance Boulevard, Gulph Mills, PA 19406 (US). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): HASELDEN, Geoffrey, 
Gordon [GB/GB]; 12 High Ash Drive, Leeds LS12 8RA 
(GB). 

(74) Agent: NEVILLE, Peter, British Technology Group Ltd., 101 
Newington Causeway, London SE1 6BU (GB). 



1) Designated States: AL, AM, AT, AU, BB, BG, BR, BY, CA, 
CH, CN, CZ, DE, DK, EE, ES, FI, GB, GE, HU, IS, JP, 
KE, KG, KP, KR, KZ, LK, LR, LS, LT, LU, LV, MD, MG, 
MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, 
SG, SI, SK, TJ, TM, TT, UA, UG, US, UZ, VN, European 
patent (AT, BE, CH, DE, DK, ES, FR, GB, GR, IE, IT, LU, 
MC, NL, PT, SE). OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, ML, MR, NE, SN, TD, TG), ARIPO patent (KE, 
LS, MW, SD, SZ, UG). 



With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 



(54) Title: PLATE HEAT EXCHANGER 

EVAPORATOR 




MODULATING FLOAT VALVE 



(57) Abstract 

Plate heat exchangers (4, 6) are disclosed which accommodate variations in the relative proportions of liquid and vapour refrigerant, 
allowing the refrigerant in the two phases to remain in equilibrium throughout the flow path through the heat exchanger (4, 6). The flow 
path can be arranged to be boustrophedonic so that it comprises first and second sets of alternating parallel sub-channels (36, 38, 46, 48) 
in which the resistance to flow of refrigerant fluid along each of the sub-channels of the first set (38, 48) is greater than the resistance to 
flow along the respective adjacent sub-channels of the second set (36, 46). The configuration of the channel for the refrigerant through the 
heat exchanger (4, 6) can be arranged so that the resistance to the flow of refrigerant is greater towards one end than towards the other end. 
This can be achieved by one or more of the plates having a surface profile (14) which is configured so that the resistance to flow of heat 
exchange fluid along the channel is greater in one region (18, 20) along the length of the channel than in another region (16, 22). 
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PLATE HEAT EXCHANGER 

This invention relates to a plate heat exchanger such as might 
be used in a vapour compression system. The heat exchanger can 
be used for evaporating or condensing a flowing fluid, and is 
particularly suitable for use where the fluid comprises a 
mixture of mutually soluble refrigerant substances with 
different boiling points (such that the mixture boils or 
condenses through a temperature range) . The heat exchanger can 
be used for example in an air conditioner, a refrigerator, a 
heat pump or the like . The invention also relates to a vapour 
compression system which include a plate heat exchanger, and to 
a method of operating a vapour compression system. 

Plate heat exchangers comprise several plates joined to one 
another in face -to- face relationship; a seal between them can 
be provided by means of, for example, welding, adhesive 
bonding, or clamps. The plates are formed with appropriate 
surface profiles so that a channel is defined between each pair 
of adjoining plates for the flow of fluid through the space 
between the plates, from an inlet end of the space to an outlet 
end. The heat exchangers are generally configured so that more 
than two plates provide channels or passages between 
alternating pairs of plates, for flow of two different fluids 
which are in heat exchange relationship. One of the fluids can 
be a refrigerant material undergoing a phase change while the 
other will be a process fluid, possibly a liquid (such as 
water) or a gas (such as air) , which is to be heated or cooled 
as the case may be . 

The surface area for heat exchange can be increased by means of 
fins. The fins can be provided for the heat exchange fluid 
(such as the refrigerant) flowing in the channel between the 
plates. They can also be provided for the process fluid (such 
as water or air) to be heated or cooled. 



WO 96/20382 



PCT/GB95/02983 



-2- 

The heat exchanger of this type will often be arranged so that 
there is count ercurrent flow between the fluids that are in 
heat exchange relationship. The two phases of a heat exchange 
material preferably flow cocurrently in the channel for that 
material so that, at any point along the channel, the separate 
phases are each well mixed and there is effective mixing 
between the phases. This condition can be referred to as 
equilibrium evaporation or condensation. It can arise for 
example when liquid and vapour flow cocurrently with vapour 
flowing down the bore of the channel, and liquid flowing along 
the channel walls effectively as a varying thickness film 
around the flowing vapour. Preferably, the equilibrium 
conditions of evaporation or condensation are sustained 
throughout substantially the entire length of the evaporator or 
condenser (as the case may be) . This can be difficult to 
achieve because the change in phase is accompanied by a large 
change in volume, which affects the flow condition of the two 
phases . 

Equilibrium conditions for evaporation and condensation are 
particularly desirable when one or each of the fluids involved 
in the heat exchange comprises a mixture of mutually soluble 
refrigerant substances with different boiling points, which do 
not form an azeotrope . Such mixtures can have boiling points 
separated by at least about 10°C, for example at least about 
20°C. The difference in boiling points will often be less than 
about 70°C, preferably less than about 60°C, for example less 
than about 50°C. It enables optimum heat exchange to take 
place with the fluid mixture across the range of its boiling 
points, which can then be arranged to match the range of 
temperatures of the process fluid with which it is in heat 
exchange relationship as the process fluid flows along the heat 
exchanger. It is desirable therefore for the channel for the 
heat exchange fluid to be arranged so that cocurrent flow of 
its two phases, and preferably also flow at the same speed, 
occurs in spite of the large change of volumetric flow rate. 
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This can reduce phase separation, or enrichment of a particular 
component of a mixture. 

The present invention provides a plate heat exchanger in which 
the configuration of the channel is such that the resistance 
provided by the channel to the flow of fluid along it is 
greater in a first region towards one end than in a second 
region towards the other end. 

Accordingly in one aspect, the invention provides a heat 
exchanger which comprises at least two plates which are 
connected to one another in face-to-face relationship, the 
plates defining a channel in the space between them for flow of 
heat exchange fluid through the space from an inlet end thereof 
to an outlet end and the external surfaces of the plates being 
available for heat exchange with another fluid, the 
configuration of the channel being such that the resistance 
provided by the channel to the flow of heat exchange fluid 
along it is greater in a first region towards one end of the 
channel than in a second region towards the other end of the 
channel, at least one of the plates having a surface profile 
which gives rise to the resistance to flow of the fluid through 
the channel, the surface profile being configured so that the 
resistance to flow of heat exchange fluid along the channel is 
greater in one region along the length of the channel than in 
another region. 

The present invention provides a heat exchanger which facili- 
tates cocurrent flow of heat exchange fluid in vapour and 
liquid phases throughout the length of a heat exchanger, 
providing as a result for effective equilibrium condensation or 
evaporation along substantially the entire length of the 
exchanger in which the two phases of the heat exchange fluid 
flow together in the channel so that, at any point along the 
channel, the separate phases are each well mixed and there is 
effective mixing between the phases. In particular, the heat 
exchanger can accommodate the changes in volume in the heat 
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exchange fluid which take place on condensation or evaporation, 
as the case may be, along the length of the heat exchanger. 
Thus, the variation in flow resistance provided by the channel 
can ensure that liquid and vapour fluid continue to mix 
effectively as the relative proportions of the fluid in the two 
phases change. 

The heat exchanger of the invention has the particular 
advantage that it facilitates the use of wide boiling mixtures 
of refrigerant materials which are required to evaporate or 
condense under near equilibrium conditions throughout the 
length of the evaporator or condenser as the case may be. This 
feature of the invention is significant. It can ensure that 
the rate of flow of refrigerant along the channel is maintained 
relatively uniform so that separation of vapour and liquid 
phase refrigerant is minimised. It facilitates cocurrent flow 
of refrigerant in liquid and vapour phases, with vapour flowing 
down the bore of the channel and liquid flowing along the 
channel walls effectively in a varying thickness film around 
the flowing vapour, making these conditions possible along 
substantially the entire length of the channel. In this way, 
the equilibrium conditions for evaporation or condensation can 
be maintained across the phase change temperature range of the 
refrigerant mixture. 

The configuration of the channel in the heat exchanger is such 
that the resistance provided by the channel to the flow of heat 
exchange fluid along it is greater in a region towards one end 
than in a region towards the other end. This might be achieved 
in any of a number of ways. For example, the cross-sectional 
area of the channel can be greater towards one end than towards 
the other end. Accordingly, when the heat exchanger is an 
evaporator, the cross -sectional area will be greater towards 
the outlet end than towards the inlet end; when the heat 
exchanger is a condenser, the cross-sectional area will be 
greater towards the inlet end than towards the outlet end. 
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The variation in cross -sectional area of the channel can result 
from formations in the plates. Alternatively or in addition, 
the variation can result from appropriate channel defining 
members, as walls, located between the plates. 

The or each plate can have formations which extend out of the 
plane of the plate so that formations are provided in the walls 
of the channels, along at least part of the length of the 
channel . The formations can be provided by appropriate deform- 
ation of the material of the plate, for example to introduce 
corrugations into the plate. The corrugations can be straight, 
although heat resistance to flow can be affected by making the 
corrugations "wavy" . Formations can be formed by stamping and 
can as a result be made non- continuous along their length in 
the direction of flow of fluid. The formations can include 
apertures for fluid to pass through, from one side of the plate 
to the other. The configuration of the formations is such that 
the resistance that they provide to the flow of heat exchange 
fluid is greater in one region along the length of the channel 
than at another region. Appropriate formations can be formed 
as corrugations which are arranged at least partly transversely 
to the direction of flow of fluid through the channel. Fluid 
is caused to pass over the formations as it flows along the 
channel, at least along a part of the length of the channel, 
but preferably along substantially the entire length of the 
channel . 

Formations can be formed by providing material on a surface of 
the or each plate, for example by bonding (for example using an 
adhesive, welding, brazing or another suitable technique) a 
sheet of material with a wavy configuration to the said 
surface . 

Formations will preferably be provided in both of the plates 
which define the channel, which cooperate to provide the 
required in resistance to flow of fluid along the channel . 
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However, the resistance can be provided for some applications 
by a planar plate cooperating with a plate with formations . 

In addition to affecting flow resistance, formations provided 
in one or each of the plates can strengthen the plate so that 
it can withstand the pressures to which the heat exchanger is 
subjected when in use. 

The variation in the configuration of the formations between 
the said regions of the channel can be in a characteristic such 
as (a) the angle of the formations to the flow of heat exchange 
fluid, (b) the depth of the formations, and (c) the wavelength 
of the formations. For example, the resistance to flow of 
fluid can be increased by increasing the angle of incidence of 
formations to the fluid flow direction. Alternatively or in 
addition, the resistance to fluid flow can be increased by 
increasing the depth of the formations that the fluid is forced 
to follow as it flows along the channel . Alternatively or in 
addition, the resistance to fluid flow can be increased by 
shortening the distance between adjacent peaks in the array of 
formations, that is by shortening the "wavelength" of the 
formations . 

Fins can be provided between the plates . They can be provided 
in the channel for flow of the heat exchange fluid. Alternat- 
ively or in addition, they can be provided in the passage or 
channel for flow of the process fluid. The fins can direct the 
flow of the fluid that flows over them. They can also affect 
the resistance to flow of the fluid, for example as a result of 
frictional effects, or by changing the cross-sectional area of 
the channel or passage for fluid flow. 

When fins are provided for both the heat exchange fluid and the 
process fluid, the pattern of fins can differ from one fluid to 
the other. For example, the fins for the heat exchange fluid 
can define a channel in which the fluid flows alternately 
generally upwardly and downwardly while the channel or passage 
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for the process fluid can be essentially straight through the 
heat exchanger. 

The incorporation of fins has the advantage that they can 
reinforce the heat exchanger to enhance its ability to 
withstand the pressures to which it is subjected in use. 

The first and second regions of the channel, with the differing 
resistances to flow, are located so that the fluid flows 
sequentially from one region to the other as it flows from the 
inlet end of the channel to the outlet end. The regions need 
not extend to the ends of the channel. For example, there can 
be manifold regions associated with the inlet or the outlet or 
both by which fluid is distributed between parallel channels 
between a pair of plates. The resistance to flow can be 
affected (increased or decreased) in the manifold regions. 

The resistance to flow of the heat exchange fluid along the 
channel can change continuously along at least a portion of the 
length of the channel and, in some circumstances, along 
substantially the entire length of the channel . The resistance 
to the said flow can vary sharply at specific points along the 
length of the channel . The number of such points will depend 
on, for example, the overall change in resistance that is 
required over the length of the channel and the change in the 
resistance at each such point. It can be appropriate in some 
constructions of heat exchanger for the resistance to flow to 
change at at least two points along the length of the channel, 
for example at three or four points, so that there are three, 
four or five regions with differing levels of resistance along 
the length of the channel . 

The path of the channel defined by plates can be boustro- 
phedonic. The path then comprises first and second sets of 
alternating parallel sub-channels. The sub-channels can be 
arranged so that the fluid flows horizontally in the first set 
or the second set or both. It is preferred that the fluid 
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flows generally vertically in at least one of the first and 
second sets, for example generally downwardly in the first set 
and generally upwardly in the second set . Vertical flow has 
the advantage of minimising segregation between refrigerant in 
liquid and vapour phases, in particular due to the effect of 
gravity. 

In another aspect, the invention provides a method of operating 
a vapour compression system which comprises at least two plates 
connected to one another in face- to- face relationship, the 
plates defining a channel in the space between them for flow of 
heat exchange fluid through the space from an inlet end thereof 
to an outlet end, the configuration of the channel being such 
that the resistance provided by the channel to the flow of heat 
exchange fluid along it is greater in a first region towards 
one end of the channel than in a second region towards the 
other end of the channel, the method comprising causing the 
heat exchange fluid to flow generally vertically upwardly while 
flowing in the channel, in heat exchange relationship with 
another fluid. 

In a vapour compression system operated according to the method 
of the invention, it is possible for refrigerant vapour to 
drive liquid refrigerant upwardly in the channel in the heat 
exchanger at substantially the same speed as the vapour, 
especially so that effective equilibrium condensation or 
evaporation takes place along the upward limb of the channel, 
and preferably also along the downward limb. 

In a further aspect, the invention provides a heat exchanger 
which comprises at least two plates which are connected td one 
another in face-to-face relationship, the plates defining a 
channel in the space between them for flow of heat exchange 
fluid through the space from an inlet end thereof to an outlet 
end and the external surfaces of the plates being available for 
heat exchange with another fluid, the path of the channel being 
boustrophedonic and so comprising first and second sets of 
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alternating parallel sub-channels in which the resistance to 
flow of refrigerant fluid along each of the sub-channels of the 
first set is greater than the resistance to flow along the 
respective adjacent sub-channels of the second set. 

The sub-channels can be defined by formations on the plates. 
They can be defined by channel defining members located between 
the plates. They can be defined, or fluid can be made to flow 
along them, by fins located between the plates. 

Preferably, the resistance to flow of refrigerant fluid along 
the sub-channels of the first set is greater than the 
resistance to flow along the sub-channels of the second set. 
In this way, the control over the flow rates of fluid as it 
flows along the channel will be provided in the sub-channels of 
the first set, with fluid being able to flow relatively easily 
along the sub-channels of the second set. In this arrangement, 
heat exchange will take place primarily in the sub-channels of 
the first set, the channel can be configured for heat exchange 
to take place with the heat exchange fluid in the channel while 
it is in the sub-channels of the said first set. The 
arrangement has the advantage that mixing of fluid in liquid 
and vapour phases is possible in the low resistance sub- 
channels, facilitating equilibrium condensation or evaporation 
in the high resistance sub-channels. When the resistance to 
flow differs between the first and second sets of sub-channels, 
it is preferred that the fluid flow in the higher resistance 
set is generally downwardly and the fluid flow in the lower 
resistance set is generally upwardly so that separation of the 
phases due to gravity effects is minimised. 

Preferably, the configuration of the channel is such that first 
set of sub-channels includes at least two sub-channels, for 
example three or four of the sub-channels, connected by the 
sub- channel (s) of the second set. 
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When the channel comprises a first set of two or more sub- 
channels, the variation in the resistance to flow of heat 
exchange fluid can be introduced between successive sub- 
channels of the first set, conveniently with the resistance to 
flow in each sub-channel being substantially constant. Such 
variation can take into account for example variations in the 
proportions of liquid and vapour refrigerant as the refrigerant 
passes through the heat exchanger. 

Preferably, the heat exchanger comprises at least three plates 
arranged so as to define the channel for flow of the heat 
exchange fluid between a first pair of the plates, and a 
channel or passage for flow of another fluid between the 
adjacent pair of plates in heat exchange with the heat exchange 
fluid between the first pair of plates. Generally, the heat 
exchanger will comprise several plates, with channels for flow 
of the two heat exchanging fluids being provided between 
alternate pairs of the plates. The invention does however also 
provide a heat exchanger consisting of two plates which define 
a space between them for heat exchange fluid to flow through, 
in heat exchange relationship with a process fluid which flows 
over the said plates. 

Preferably, the heat exchanger includes at least four of the 
plates connected together in two pairs, with a path defined 
between the two pairs for the said other fluid to flow in when 
in heat exchange relationship with the heat exchange fluid 
flowing in the boustrophedonic channels defined by the plates 
of the two pairs. 

The invention provides a device for distributing refrigerant in 
both liquid and vapour phases between channels in a heat 
exchanger, which comprises: 

(a) a distribution tube. 
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(b) ports for discharge of refrigerant from the tube 
into the channels of the heat exchanger, the size of the 
ports for discharge of refrigerant vapour being 
restricted so that there is a pressure drop across those 
ports, and 

(c) an inlet for refrigerant to enter the distribution 
tube configured so that the refrigerant entering the tube 
is turbulent and so that refrigerant in liquid and vapour 
phases is in equilibrium in the tube. 

The channels between which the device distributes the 
refrigerant can be provided by spaced apart pairs of plates, 
for example the two pairs of plates in a stack of four plates. 

Preferably, turbulence is introduced to the refrigerant in the 
tube by discharging it into the tube towards one end thereof, 
so that it is directed from the inlet towards an end wall of 
the tube . This might be achieved for example by providing a 
bend on the end of the inlet, or having the opening for refrig- 
erant from the inlet in the side of an inlet tube. Preferably, 
the end of the tube of the device at which the refrigerant is 
discharged is flared, and especially generally rounded. 

Preferably, the outlet ports in the tube are circumf erentially 
spaced around the tube, so that some provide for discharge of 
liquid refrigerant and some provide for discharge of vapour 
refrigerant . Holes towards the bottom of the tube can provide 
for discharge of liquid refrigerant when present and holes 
towards the top of the tube can provide for discharge of vapour 
refrigerant. Preferably, the holes towards the top of the tube 
are bigger than the holes towards the bottom of the tube so 
that the relative proportions of discharged liquid and vapour 
refrigerant are controlled. 

Holes in the tube can be provided for individual channels, or 
between pairs of channels so that refrigerant discharged from 
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holes at a particular point along the tube flows into two 
adjacent channels. 

The heat exchanger of the invention can be used to exchange 
heat between a refrigerant flowing in the channel between the 
plates and a process fluid which is, for example, in liquid 
phase or vapour phase. The configuration of the path provided 
for flow of the process fluid depends on a number of factors 
such as the phase of the process fluid. The fluid can flow 
along a channel between pairs of plates; this construction is 
well suited to a process fluid in liquid phase, and to a 
process fluid whose phase changes between liquid and vapour as 
a result of the exchange of heat. In this latter case, it can 
be appropriate for the resistance to flow of the process fluid 
to be greater in a region towards one end of its channel than 
in a region towards the other end, as discussed above. 

The path for flow of the process fluid can be essentially open 
for flow of the process fluid over the plates which define the 
channel, generally with fins on the plate surfaces to optimise 
exchange of heat. This construction is well suited for heat 
exchange with process fluids in gaseous or vapour phase. 

It can be preferred for the resistance to flow of one and 
preferably each of the fluids that are in heat exchange 
relationship across the plates to be greater at one end of the 
respective channel than at its other end, making the heat 
exchanger suitable for use in the exchange of heat between two 
materials which both change phase in the heat exchange. 

In another aspect, the invention provides a heat exchanger 
which comprises a plurality of plates defining channels for 
flow of at least two fluids for heat exchange between adjacent 
pairs of the plates for respective ones of the fluids which are 
to be in heat exchanging relationship when the exchanger is in 
use, the channels for a first one of the fluids being inter- 
posed between the channels for a second fluid, in which: 



WO 96/20382 



PCT/GB95/02983 



-13- 

(a) each of the channels for the first fluid defining 
a boustrophedonic path between the inlet end of the 
channel and the outlet end whose cross -sectional area 
increases from one end of the path to the other end, and 

(b) each of the channels for the second fluid has a 
substantially straight path. 

A heat exchanger in accordance with this aspect of the 
invention can be used for heat exchange between a heat exchange 
fluid such as a refrigerant and a process fluid such as a 
compressed gas, especially when it has to be cooled in large 
quantities . 

Preferably, the channels of the first set are each made up of 
multiple parallel sub- channels which are sufficiently narrow to 
prevent separation of refrigerant into vapour and liquid 
components . 

Preferably, the heat exchanger is arranged so that the channels 
of the first set provide vertical paths for flow of 
refrigerant, generally upwardly and downwardly. 

Preferably, the channels for one or both of the first and 
second fluids contain fins, especially with at least some of 
the fins being provided as plates extending generally along the 
channel . 

In a further aspect, the invention provides a vapour 
compression system which includes a heat exchanger of one of 
the types discussed above. In the system of the invention, the 
heat exchanger can be arranged to function as an evaporator 
which receives refrigerant at least mainly in liquid phase, and 
discharges refrigerant vapour (which is preferably slightly 
wet) . The said heat exchanger can be arranged alternatively to 
function as a condenser which receives refrigerant vapour and 
discharges refrigerant at least mainly in liquid phase. The 
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system can include an evaporator and a condenser, each of which 
is of the general type discussed above. 

The heat exchanger is preferably mounted so that heat exchange 
fluid flows generally downwardly while in heat exchange 
relationship with the fluid with which it is to exchange heat. 

Examples of materials which are suitable for use as refrig- 
erants in a single refrigerant system include those designated 
by the marks R22 and R134a. A particular advantage of the 
system of the invention is that it is well suited to the use of 
wide boiling non-azeotropic mixed refrigerants in which it is 
particularly desirable that, at all places within the condenser 
and the evaporator, liquid and vapour refrigerant flow together 
cocurrently and are in equilibrium, whilst the refrigerant 
mixture flows essentially counter-currently with the fluid with 
which it is exchanging heat. Examples of suitable mixed 
refrigerants include those designated by the marks R23/R134a 
and R32/R227. It will be understood that the term 
"refrigerant", used in this document to denote the fluid 
circulating in the vapour compression system, is applicable to 
the fluid which circulates in systems which function as air 
conditioners or heat pumps . 

The present invention will now be described, by way of example 
only, with reference to the accompanying drawings, in which: 

Figure 1 is a schematic representation of a vapour 
compression system in which the condenser and the evaporator 
are each constructed in accordance with the present 
invention, 

Figure 2 is an isometric view of the condenser or evaporator 
of the system shown in Figure 1, 
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Figure 3 is a schematic representation of a heat exchanger 
according to the invention, suitable for use as a condenser, 
especially in small scale units, 

Figure 4 is a schematic representation of a heat exchanger 
similar to that shown in Figure 1, suitable for use as an 
evaporator, especially in small scale units, 

Figure 5 is an isometric view of the heat exchangers shown 
in Figures 2 and 3 , 

Figure 6 is a schematic representation of a heat exchanger 
suitable for heat exchange with a process fluid in gas 
phase, especially when the scale is large, 

Figure 7 is an isometric view, partially in section, of the 
heat exchanger shown in Figure 6, and 

Figure 8 is a sectional elevation through a device for 
distributing refrigerant between separate channels for 
refrigerant in a heat exchanger. 

Referring to the drawings, Figure 1 shows a vapour compression 
system which includes a compressor 2 for increasing the 
pressure of refrigerant vapour, a condenser 4 for high pressure 
refrigerant received from the compressor, and an evaporator 6 
for liquid refrigerant received from the condenser. An 
expansion device 8 in the form of a float valve (of the general 
type disclosed in WO-A-92/06339) is provided to maintain the 
pressure differential between the condenser and the evaporator, 
and to control the withdrawal of liquid refrigerant from the 
condenser . 



A receiver 10 is located downstream of the evaporator 6 . The 
receiver includes a reservoir 12 into which liquid refrigerant 
discharged from the evaporator collects. In this way, supply 
of liquid refrigerant to the compressor can be minimised. 
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Each of the condenser 4 and the evaporator 6 consists of 
assemblies of plates, arranged in face-to-face relationship. 
Refrigerant flows through the heat exchangers (the condenser 4 
and the evaporator 6) between alternate pairs of the plates, 
countercurrently with the process liquid which flows between 
the intermediate pairs of plates. The directions of flow of 
refrigerant and process liquid are countercurrent with respect 
to one another. 

The plates from which the heat exchangers are formed have 
patterns of corrugations 14 formed in them. Refrigerant 
flowing along the channel defined between each pair of plates 
is forced to pass over the corrugations as it flows along each 
channel . 

The pattern of the corrugations 14 changes between first and 
second regions 16, 18 of the condenser 4, and between first and 
second regions 20, 22 of the evaporator 6. In the condenser, 
the pattern of the corrugations changes so that the resistance 
to flow of refrigerant is greater at the outlet from the 
condenser than at the inlet. The reverse is true of the 
evaporator. The resistance to flow is altered by variation of 
at least one of the angle of the corrugations to the direction 
of flow of refrigerant, the depth of the corrugations, and the 
wavelength of the corrugations. 

It can be appropriate for there to be more than just two 
corrugation patterns between the inlet and outlet manifolds. 

Figure 2 shows the condenser of the system shown in Figure 1, 
and the directions of flow of the refrigerant and the fluid 
with which it is to exchange heat. The directions are 
essentially opposite to one another, with refrigerant flowing 
downwardly and a fluid such as water flowing upwardly. 



An appropriate application for a vapour compression system 
the type described above with reference to Figures l and 2 
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in a water chiller, such as might be used for air conditioning 
of buildings . 

Figure 3 shows a pressed plate 30 which is suitable for use in 
the construction of a condenser. The condenser is formed from 
a plurality of complementary pairs of such plates arranged in 
a stack. The pairs of plates are separated by passages for 
flow of a process fluid which is to be heated, for example air 
or water. Fins are provided in the passages to increase the 
surface area for heat exchange with the said process fluid. 
Heat exchange takes place as refrigerant flows along the 
channel defined by the complementary pairs of plates . 
Refrigerant is supplied to the channel between each of the 
relevant pairs of plates through an inlet 32. The inlet 
bridges across the finned passages. Similarly, refrigerant is 
withdrawn from the channel between adjacent pairs of plates 
through an outlet 34. The inlet 32 and the outlet 34 extend 
through the entire stack of plates. 

The channel along which the refrigerant flows between each pair 
of plates is directed so that the fluid flows alternately 
generally upwards and downwards. It comprises first and second 
sets of alternating parallel sub-channels. Refrigerant 
received into the channel from the inlet 32 first enters a sub- 
channel 36 along which it flows generally upwardly against 
minimal flow resistance. The low resistance to flow in the 
upwardly extending sub- channel leads to a high flow velocity 
for the fluid in the sub-channel. This facilitates mixing of 
fluid in vapour and liquid phases and subsequent equilibrium 
condensation or evaporation in the subsequent downwardly 
extending sub-channel. At the top of the sub-channel 36, the 
refrigerant flows into a sub-channel 38 of larger cross- 
sectional area in which the defining plates have corrugations 
formed in them which provide resistance to flow of refrigerant 
as it flows downwardly along the sub-channel 38. 
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This pattern of alternating upward flow against minimal flow 
resistance, and downward flow against resistance provided by 
corrugations, is repeated through respective sets of sub- 
channels 36a, 36b and 38a, 38b respectively. 

The resistance to flow of refrigerant through the corrugated 
sub-channels 38 is increased in the last of the said sub- 
channels compared with that in the first such sub-channel. 
This variation in resistance is achieved by reduction of the 
cross-sectional area of the sub-channels, progressively along 
the length of the overall channel from the inlet 32 to the 
outlet 34 . The resistance can also be changed by varying the 
pattern of the corrugations, in the manner generally as 
described above . 

Figure 4 shows a plate 40 of the type which can be used to form 
an evaporator. The evaporator is formed from a plurality of 
such plates arranged in a stack, in a manner similar to the 
formation of a condenser from the plate shown in Figure 3 . 

The plate shown in Figure 4 comprises an inlet 4 2 and an outlet 
44, the inlet and outlet extending along the stack of plates. 
The channel extending from the inlet to the outlet between 
pairs of plates comprises sub-channels 46, 46a, 46b along which 
refrigerant flows upwardly, against minimal resistance. It 
further includes sub-channels 48, 48a, 48b along which 
refrigerant flows downwardly, against resistance provided by 
corrugations . 

The resistance to flow of refrigerant along the sub-channels 
48, 48a, 48b is reduced as refrigerant flows along the overall 
channel through the said sub-channels. The reduction in 
resistance to flow is achieved principally by increasing the 
cross-sectional area of the sub-channels, compared one with 
another. The resistance to flow can also be affected by 
changing the pattern of corrugations in the manner described 
above . 
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The construction of the inlet 42 is such that refrigerant is 
distributed substantially equally between the pairs of plates 
in both liquid and vapour phases. The inlet conduit is 
sufficiently large in cross -section for refrigerant to flow in 
it in both liquid and vapour phases . When the pairs of plates 
are bonded to one another, orifices are provided at or near the 
meridian of the manifold. Refrigerant vapour will tend to flow 
equally amongst the equal sized orifices, while the liquid will 
also tend to overflow equally amongst them, the liquid being 
picked up and carried along by the vapour. 

The heat exchangers shown in Figures 3 and 4 involve local 
cross -flow between the refrigerant flowing in the channel 
defined by the plates and the process fluid which flows through 
the finned passages between the pairs of plates. However, by 
including several sub-channels, for example six sub-channels as 
shown, the overall contacting process between the fluids is 
essentially counterflow. The nature of the flow of the 
refrigerant and the liquid with which it is to exchange heat is 
illustrated in Figure 5 . 

Figure 6 shows an evaporator suitable for use in a vapour 
compression system, which can be used to cool compressed gases. 
It is suitable for cooling compressed air on a large scale. 

The system comprises a stack of plates that are bonded together 
in a stack, defining channels between plates for flow of 
fluids. Fins are provided to increase the area available for 
heat exchange to each of the fluids. The pattern of the fins 
differs for the fluids. This type of construction can be used 
to exchange heat amongst three or more streams; the following 
description is restricted to exchange between two fluids, being 
a refrigerant and gases to be cooled. 

An inlet manifold 62 is provided for gases to be cooled, with 
an outlet manifold 64 for gases which have not condensed. The 
inlet manifold 62 includes an appropriate header to ensure that 
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air is distributed substantially uniformly between passages 
between the plates. In similar fashion, the outlet manifold 64 
combines the flow of air from between the plates for discharge. 
The outlet manifold includes a condensate outlet 66 for 
condensed moisture. Cooling is achieved in the evaporator 
passages by means of refrigerant which passes between plates 
which are arranged in a stack. Refrigerant flows in channels 
between adjacent pairs of plates, between the refrigerant inlet 
68 and the refrigerant outlet 70. The channel between each 
pair of plates has a boustrophedonic path. The cross-sectional 
area of the channel increases in successive passes, between the 
refrigerant inlet 68 and the refrigerant outlet 70. Fins are 
provided in the channel to direct the flow of refrigerant and 
to increase the area available for heat exchange to the 
refrigerant, particularly in the upward and downward limbs of 
the channel but not necessarily also in the limbs which extend 
laterally between the upward and downward limbs. By virtue of 
the change in cross -sectional are of the channel, the 
resistance to flow of refrigerant along the channel is reduced 
as the refrigerant flows along the channel. 

The air which is to be cooled flows between the air inlet 62 
and the air outlet 64 in the spaces between pairs of plates 
which define the channel for refrigerant. Fins are provided in 
the said spaces to optimise heat exchange with the air and to 
reinforce the plates so that they can withstand the pressures 
in the two fluid streams. The fins extend essentially straight 
through the heat exchanger, from the inlet manifold 62 towards 
the outlet manifold 64 . The fins can be appropriately profiled 
to optimise the heat transfer, with corrugations, step 
configurations, perforations or other features as is 
established practice. 

Figure 7 shows the evaporator of Figure 6 and the relationship 
between the flow paths for refrigerant and the fluid with which 
it is to exchange heat . 
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While the vapour compression system shown in Figure 1 comprises 
both condenser and evaporator with changing resistance to 
refrigerant flow, it can be appropriate for some applications 
for the system to have just one heat exchanger (evaporator or 
condenser) arranged to function in this way. The other heat 
exchanger can be of another type. For example, a condenser of 
the type described above can be used with a fin- and- tube 
evaporator when air is being cooled, and heat is rejected to 
water. In another arrangement, an evaporator of the type 
described above can be used with a fin-and-tube condenser in an 
air-cooled water chiller. 

Figure 8 shows a device for distributing refrigerant between 
channels for refrigerant in an evaporator, for example of the 
type shown in Figures 4 and 5, in which refrigerant flows 
within adjacent pairs of plates, with the fluid in heat 
exchange relationship with the refrigerant flowing between the 
pairs of plates. The device comprises a distributor tube 80 
which is closed at both ends. The device is located so that 
the distributor tube extends along the inlet of the evaporator. 
Refrigerant enters the tube through an inlet tube 82 which is 
bent slightly at its end so that refrigerant is discharged into 
the distributor tube laterally, towards an end 84 of the 
distributor tube. That end is flared and generally rounded. 
As the refrigerant impacts the end of the tube, turbulence is 
created so that liquid and vapour refrigerant remain in 
equilibrium with one another. 

A series of outlet ports 86, 88 exist in the distributor tube 
for discharge of the refrigerant into the channels in the 
evaporator. The holes 8 6 in the top of the tube are bigger 
than the holes 88 in the bottom of the tube so that the 
relative proportions of refrigerant in vapour and liquid phases 
is controlled. 
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1. A heat exchanger which comprises at least two plates 
which are connected to one another in face- to- face 
relationship, the plates defining a channel in the space 
between them for flow of heat exchange fluid through the space 
from an inlet end thereof to an outlet end and the external 
surfaces of the plates being available for heat exchange with 
another fluid, the configuration of the channel being such that 
the resistance provided by the channel to the flow of heat 
exchange fluid along it is greater in a first region towards 
one end of the channel than in a second region towards the 
other end of the channel, at least one of the plates having a 
surface profile which gives rise to the resistance to flow of 
the fluid through the channel, the surface profile being 
configured so that the resistance to flow of heat exchange 
fluid along the channel is greater in one region along the 
length of the channel than in another region. 

2. A heat exchanger as claimed in claim 1, in which the 
surface profile provides formations along at least part of the 
length of the channel . 

3. A heat exchanger as claimed in claim l or claim 2, in 
which the effective cross-sectional area of the channel is 
greater towards one of the inlet end and the outlet end than 
towards the other of the said ends. 

4 . A heat exchanger as claimed in claim 3 , in which the 
configuration of the formations differs between the said 
regions differs in terms of at least one of (a) the angle of 
the formations to the flow of heat exchange fluid, (b) the 
depth of the formations, and (c) the wavelength of the 
formations . 

5. A heat exchanger as claimed in any one of claims l to 4, 
in which the path of the channel is boustrophedonic and so 
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comprises first and second sets of alternating parallel sub- 
channels . 

6 . A heat exchanger as claimed in claim 5 , in which the 
resistance to flow of refrigerant fluid along each of the sub- 
channels of the first set is greater than the resistance to 
flow along the respective adjacent sub-channels of the second 
set, preferably with the effective cross-sectional area of the 
sub-channels of at least one of the sets being greater towards 
one of the inlet end and the outlet end of the channel than 
towards the other of the said ends . 

7. A heat exchanger as claimed in claim 5 or claim 6, in 
which the channel is configured for heat exchange to take place 
with the heat exchange fluid in the channel while it is in the 
sub-channels of the said first set. 

8. A heat exchanger as claimed in any one of claims 5 to 7, 
in which the said sub-channels are arranged so that fluid flows 
in them alternately generally upwardly and downwardly. 

9. A heat exchanger as claimed in any one of claims 5 to 8, 
in which the said first set includes at least two sub-channels. 

10. A heat exchanger as claimed in any one of claims 5 to 9, 
in which each of the sub- channels of the second set is smaller 
in cross -section than the adjacent sub- channels of the second 
set . 

11. A heat exchanger as claimed in any one of claims 1 to 10, 
which includes a plurality of fins in the channel, for heat 
exchange fluid in the channel to flow over. 

12. A heat exchanger as claimed in any one of claims 1 to 11, 
which includes a plurality of fins, for the fluid that is heat 
exchange relationship with the heat exchange fluid to flow 
over . 
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13. A heat exchanger as claimed in any one of claims 1 to 12, 
which includes at least three of the said plates arranged so as 
to define the channel for flow of the heat exchange fluid 
between a first pair of the plates, and a channel for flow of 
another fluid between the adjacent pair of plates in heat 
exchange with the heat exchange fluid between the first pair of 
plates . 

14. A vapour compression system which includes a heat 
exchanger as claimed in any one of claims 1 to 13 , in which the 
heat exchange fluid that flows in the exchanger is a 
refrigerant . 

15. A vapour compression system as claimed in claim 14, in 
which the said heat exchanger is arranged so that the 
refrigerant that is discharged into it contains relatively more 
liquid than the refrigerant that is discharged from it. 

16. A vapour compression system as claimed in claim 14, in 
which the said heat exchanger is arranged so that the 
refrigerant that is discharged into it contains relatively less 
liquid than the refrigerant that is discharged from it. 

17 . A vapour compression system as claimed in any one of 
claims 14 to 16, in which the heat exchanger is mounted so that 
heat exchange fluid flows generally downwardly while in heat 
exchange relationship with the fluid with which it is to 
exchange heat. 

18. A method of operating a vapour compression system which 
comprises at least two plates connected to one another in face- 
to-face relationship, the plates defining a channel in the 
space between them for flow of heat exchange fluid through the 
space from an inlet end thereof to an outlet end, the 
configuration of the channel being such that the resistance 
provided by the channel to the flow of heat exchange fluid 
along it is greater in a first region towards one end of the 
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channel than in a second region towards the other end of the 
channel, the method comprising causing the heat exchange fluid 
to flow generally vertically upwardly while flowing in the 
channel, in heat exchange relationship with another fluid. 

19. A heat exchanger which comprises at least two plates 
which are connected to one another in face- to- face 
relationship, the plates defining a channel in the space 
between them for flow of heat exchange fluid through the space 
from an inlet end thereof to an outlet end and the external 
surfaces of the plates being available for heat exchange with 
another fluid, the path of the channel being boustrophedonic 
and so comprising first and second sets of alternating parallel 
sub-channels in which the resistance to flow of refrigerant 
fluid along each of the sub-channels of the first set is 
greater than the resistance to flow along the respective 
adjacent sub-channels of the second set. 

20. A heat exchanger as claimed in claim 19, in which the 
channel is configured for heat exchange to take place with the 
heat exchange fluid in the channel while it is in the sub- 
channels of the said first set. 

21. A heat exchanger as claimed in claim 20, in which the 
heat exchange fluid is arranged to flow generally downwardly 
when in the sub-channels of the first set. 

22 . A heat exchanger as claimed in any one of claims 19 to 

21, in which the sub- channels are arranged so that fluid flows 
in them alternately generally upwardly and downwardly. 

23 . A heat exchanger as claimed in any one of claims 19 to 

22, in which the said first set includes at least two sub- 
channels . 

24 . A heat exchanger as claimed in any one of claims 19 to 

23, which includes at least four of the said plates connected 
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together in two pairs, with a path defined between the two 
pairs for the said other fluid to flow in when in heat exchange 
relationship with the heat exchange fluid flowing in the 
boustrophedonic channel . 

25. A heat exchanger as claimed in claim 24, in which the 
said path for the said other fluid is defined by elongate 
members extending between the exposed surfaces of the pairs of 
plates, generally perpendicular to the said sub-channels. 

26. A heat exchanger as claimed in claim 24 or claim 25, 
which includes a device for distributing refrigerant in both 
liquid and vapour phases between the channels defined by the 
two pairs of plates, which comprises: 

(a) a distribution tube, 

(b) ports for discharge of refrigerant from the tube 
into the channels, the size of the ports for discharge of 
refrigerant vapour being restricted so that there is a 
pressure drop across those ports, and 

(c) an inlet for refrigerant to enter the distribution 
tube configured so that the refrigerant entering the tube 
is turbulent and so that refrigerant in liquid and vapour 
phases is in equilibrium in the tube. 

27. A heat exchanger as claimed in claim 26, in which the 
refrigerant is discharged into the tube towards one end 
thereof, and is directed from the inlet towards an end wall of 
the tube . 

28. A heat exchanger as claimed in claim 27, in which the 
tube is enlarged at its end at which the refrigerant is 
discharged. 
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29. A heat exchanger as claimed in any one of claims 26 to 
28, in which the outlet ports are circumf erentially spaced 
around the tube, so that some provide for discharge of liquid 
refrigerant and some provide for discharge of vapour 
refrigerant . 

30. A heat exchanger as claimed in claim 29, in which outlet 
ports towards the bottom of the tube provide greater resistance 
to flow of refrigerant than outlet ports towards the top of the 
tube . 

31. A heat exchanger which comprises a plurality of plates 
defining channels for flow of at least two fluids for heat 
exchange between adjacent pairs of the plates for respective 
ones of the fluids which are to be in heat exchanging 
relationship when the exchanger is in use, the channels for a 
first one of the fluids being interposed between the channels 
for a second one of the fluids, in which: 

(a) each of the channels for the first fluid defining 
a boustrophedonic path between the inlet end of the 
channel and the outlet end whose cross -sectional area 
increases from one end of the path to the other end, and 

(b) each of the channels for the second fluid has a 
substantially straight path. 

32. A heat exchanger as claimed in claim 31, in which 
channels of the first set are each made up of multiple parallel 
sub-channels which are sufficiently narrow to prevent 
separation of refrigerant into vapour and liquid components. 

33. A heat exchanger as claimed in claim 31 or claim 32, 
which is arranged so that the channels of the first set provide 
vertical paths for flow of refrigerant, generally upwardly and 
downwardly . 
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34. A heat exchanger as claimed in any one of claims 31 to 
33, in which the channels for one or both of the first and 
second fluids contain fins. 

35. A heat exchanger as claimed in claim 34, in which at 
least some of the fins are provided as plates extending 
generally along the channel. 
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